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Abstract
In this study, the effects of six different treatments on enhancement the emergence of species 
of Anthemis seeds were studied, an experiment with a factorial randomized complete design in six 
treatments, three replications of four species was conducted in the greenhouse in Research Institute of 
Forests and Rangelands of Tehran, Iran. Treatments of seeds included seed priming with potassium nitrate 
(with concentrations 0.5 and 1 %), gibberellic acid (with concentrations 125 and 250 ppm), distilled 
water (as control) and pre-chilling (4 °C for 14 days). Comparison of seed germination characteristics 
and seedlings vigor of four Anthemis species (Anthemis altissima, Anthemis haussknechtii, Anthemis 
pseudocotula and Anthemis tinctoria) showed that species of A. altissima had higher percentage and 
speed of emergence, ratio of rootlet length by shootlet length, vigor index, dry weight of seedling and 
leaf area than three species of Anthemis. The results indicated that seed priming with 125 and 250 ppm 
gibberellic acid improved emergence percentage (94 %), speed of emergence (18.54 sprout/day) and 
vigor index (83.29) species of A. altissima. The highest dry weight (358.1 mg) was found in primed seeds 
with 0.5 and 1 % potassium nitrate species of A. altissima. In conclusion, primed seeds with gibberellic 
acid and potassium nitrate (osmopriming) improved species of Anthemis germination potential and 
seedlings growth in greenhouse.
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INTRODUCTION
There are numerous cultivated varieties of 
chamomile: the four most popular are Anthemis 
altissima, Anthemis haussknechtii, Anthemis pseudo-
cotula Boiss. and Anthemis tinctoria. Anthemis are 
from the Asteraceae family and its species are 
usually annual or biannual herbs. Anthemis species 
are native to the Mediterranean area, Southwest 
Asia and the East to Iran. The flowers are commonly 
used for tea and make a good rinse for fair hair, it 
grows well in light, sandy soil. The use of Anthemis 
are as a medicinal plants for gout, headache, 
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carminative, indigestion, neuralgia, vulnerary, 
catarrhal, deodorant and sedative (Newall et al., 
1996; Zargari, 2008).
Plant growth regulators such as gibberellic 
acid (Iglesias and Babiano, 1997) and chemicals 
such as potassium nitrate (Hartmann et al., 1997) 
have been introduced to break seed dormancy 
and enhance germination. Gibberellins are most 
directly implicated in the control and promotion 
of germination. Gibberellins promote growth by 
increasing extendibility of the cell wall followed 
by the hydrolysis of starch to sugars which redu-
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Seed priming is also a pre-germination phy-
siolo 
soaking seeds in pure water and 
MATERIAL AND METHOD
Experimental details and seed priming: This 
study was carried out in greenhouse of Gene Bank 
in Research Institute of Forests and Rangelands of 
Tehran, Iran, in 2011-2012. The experiment was 
conducted as a factorial based on randomized 
com plete design with six pre-treatment, three 
replications and four species including: Anthemis 
altissima, Anthemis haussknechtii, Anthemis 
pseudo cotula Boiss. and Anthemis tinctoria. The 
seeds used in this study were collected from the 
nature (Northwest, West and Center of Iran). The 
seeds were disinfested with liquid fungicides 
of vita wax tiram 1% for 2 min. 50 seeds were 
used for each pre-treatment that pre-treatments 
were tested including: osmopriming (gibberellic 
acid with concentrations 125 and 250 ppm and 
potassium nitrate with concentrations 0.5 and 1 
%), hydropriming (distilled water as control) and 
pre-chilling (14 days at 4 °C).
Germination test: The seeds were imbibed 
with 10 ml of osmotic active solution of potassium 
nitrate (0.5 and 1 %), solution of gibberellic acid 
(125 and 250 ppm) and in distilled water in petri 
dishes (9 cm). Then, these petri dishes were put 
in an germinator for 24 h at 20±2 °C in a dark 
growth chamber and afterwards seeds were air 
dried until the moisture level comes back to its 
original in room temperature (20 °C). After this 
the prime of seed samples were planted and sown 
in pots (with ratio 1:1:1 of soil, sand and soil leaf 
were filled) with three replicates of 50 seeds. In 
the greenhouse experiment, these pots kept in 
temperature 20-30 °C and 10,000 lux of light during 
the day and the temperature range 5-12 °C were at 
night. Percentage and emergence speed of seeds 
after 1, 3, 5, 7, 9, 11, 13, 15, 17, 19 and 21th days, 
were recorded. Seedlings growth was complete 
after 50th days. The germination characteristics 
monitored included: emergence percentage, 
speed of emergence, length of rootlet and shootlet, 
seedling length, ratio of rootlet length by shootlet 
length, vigor index, dry weight of seedlings and 
leaf area of seedling were evaluated during 50th 
days of experiment.
Emergence percentage: In current research, 
emergence percentage was calculated according to 
total number of emerged seedlings in numbering 
final day (ISTA, 2008).
Speed of emergence: Speed of emergence 
(sprout/day) was calculated according to Maguire 
(1962) and Kotowski (1926) that by following equation:
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ces the potential in the cell, resulting in the 
entry of water into the cell causing elongation 
(Arteca, 1996). Incubation of seeds in moist con-
ditions to break dormancy, usually in cold to 
simulate overwintering is known as stratification 
(Finkelstein et al., 2008). 
Stratification has been reported to induce 
an increase in gibberellic acid concentration 
(Yamauchi et al., 2004). Potassium nitrate is 
the most widely used chemical for germination 
promoting (Olmez et al., 2004). Seed priming is a 
form of seed preparation in which seeds are pre-
soaked before planting (Ahmad et al., 2012). 
gical method that improves seed performance 
leading to faster and more synchronized seed 
germination (Patade et al., 2009). Hydropriming 
consists in redrying 
them before complete germination. Osmopriming 
is a pre-sowing treatment that consists of the 
incubation of seeds in an osmoticum solution (Pill, 
1995). This technique not only has been used to 
improve germination, reduce seedling emergence 
time and improve stand establishment (Khan, 
1992). The germination stage, due to the effect on 
plant density is critical, because plant survival and 
establishment is related to early stages of growth 
(Boydak et al., 2003). Seed vigor can be improved 
by techniques seed priming, which enhance the 
rate and uniformity of germination (Demir and 
Van De Venter, 1999). 
Kattimani et al. (1999) indicated that primed 
seeds with nitrate solutions produced vigorous 
seedlings, more root length and dry weight of 
seedlings in compared with non-primed seeds. 
According to Ansari et al. (2013), germination 
percentage was improved for Secale montanum 
seeds primed with 25 ppm gibberellic acid at 10 °C 
for 12 h. Germination percentage increased by 3 % 
potassium nitrate pre-treatment for the seeds of 
Silybum marianum (Parmoon et al., 2013). In this 
research was to determine the effects of best seed 
priming treatments on enhanced seed germination 
parameters and seedlings vigor in four medicinal 
species of Anthemis.
75
Bulletin UASVM Horticulture 71(1) / 2014
G.S = Where: 
G.S = speed of emergence
∑ n = total number of germinated seeds at each 
counting
n = the number of seeds that germinated in day 
D = the number of days from the beginning of the test 
N = number of total seeds
Vigor index: Vigor index was measured 
accor ding to Abdulbaki and Anderson (1975) that 
their values obtained from follow formula:
Vi =  Where:
Vi = vigor index
%Gr = final germination percentage
MSH = mean seedling height
Length of rootlet and shootlet: After 50th 
days of start of the experiment, length of rootlet 
(mm) and shootlet (mm) (that including five 
se edlings per pot on random) was measured 
according to Lekh and Kairwal (1993).
Dry weight of Seedlings: Then seedlings were 
dried in oven for 24 h at 80 °C and their weight (mg) 
was measured by a scale with precision 0.001.
Leaf Area: After 50th days of start of the 
experiment, leaf area seedlings (cm2) (that 
including three leaf per pot on random) was 
calculated according to leaf area evaluation system 
with 4SHTAS-2357. GATEHOUSE made in UK model 
with 80 HZ and with using WinDias 2,0 software.
Statistical analysis: A factorial experiment 
on the basis of randomized complete design 
was conducted with three replications, six pre-
treatments and four species of Anthemis. Data 
given in percentages were subjected to arcsine 
transformation before statistical analysis. 
Statistical analysis was carried out using SAS 
software. The differences between the means 
were compared using Duncan test (P<0.05). 
RESULTS AND DISCUSSION
In this experiment, simple effects (between 
pre-treatments and between four species) and 
mu tual impacts (effect of pre-treatments on spe-
cies) of all factors were significant (P<0.01) on all 
traits (Tab. 1). Comparison of mean germination 
charac teristics of four species showed that species 
of Anthemis altissima was higher percentage 
and speed of emergence, ratio of rootlet length 
by shootlet length, vigor index of seedling, dry 
weight of seedling and leaf area of seedling, 
species of Anthemis tinctoria was higher rootlet 
length, seedling length and ratio of rootlet length 
by shootlet length and species of Anthemis 
pseudocotula was higher speed of emergence and 
shootlet length than other species (Tab. 2).
Seed emergence percentage and speed of 
emergence: In the results, comparing of emer-
gence percentage of four species showed that the emergence percentage of Anthemis altissima 
species (91.38 %) was higher and it was lower 
(30.83 %) for the species Anthemis haussknechtii 
(Tab. 2). Highest increase in emergence percen-
tage (94 %, 93 % and 94 % respectively) was 
observed after priming with 125 and 250 ppm 
gibberellic acid (GA3) and 0.5 % potassium ni-
trate (KNO3) in species of Anthemis altissima than other pre-treatments but the minimum 
emergence percentage (11 %) was observed 
after priming with distilled water (as control) 
in species of Anthemis haussknechtii (fig. 1). The 
increase in emergence with priming might be due 
to initiating metabolic events in primed seeds. 
This result agrees with Khaninejad et al. (2012). 
They reported that best germination percentage 
of caper seeds with 250 ppm gibberellic acid and 
0.8 % potassium nitrate. In addition, the best 
germination percentage for the seeds of Sabal 
palmetto is in pre-treatments with 1 % potassium nitrate and 500 ppm gibberellic acid espectively 
(Dewir et al., 2011). According to Tilki (2004), the 
best emergence percentage for Arbutus unedo was 
84 % at 300 ppm gibberellic acid, whereas in the 
present study the highest emergence percentage 
was 94 % found at 125 and 250 ppm gibberellic acid pre-treatments.
Results showed that the highest speed of emer-
gence was obtained for Anthemis altissima species 
(14.96 sprout/day) and Anthemis pseudocotula 
(14.57 sprout/day) while the spe ed of emergence 
of Anthemis haussknechtii significantly decreased 
(2.41 sprout/day) (see: Tab. 2). Seed priming with 125 ppm gibberellic acid (GA3) had a negative 
effect on emergence speed (18.54 sprout/day) 
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for Anthemis altissima compared with other pre-
treatments. Latter seed priming with distilled water 
(as control) had a minimal effect on emergence 
speed (0.35 sprout/day) of species of Anthemis 
haussknechtii (fig. 2). Gibberellic acid is produced 
by the growing embryo and is essential for seed 
germination and seedling establishment; seed 
priming enhances the rate of metabolism, which 
resulted in an increased speed of germination 
and emergence (Ashraf et al., 2008). These results 
demonstrated that the highest percentage (100 
%) and speed of germination (0.998) for Sweet 
William seeds were in the gibberellic acid pre-
treatment with concentrations 100 ppm (Zahedi et 
al., 2012). Sedghi et al. (2008) found that priming 
with gibberelline hormone increases the speed 
and percentage of emergence in comparison with 
auxin hormone in medicinal pumpkin (Cucurbita 
pepo). They concluded that gibberellines induce 
the generation of the hydrolytic enzymes respon-
sible for endosperm degradation, and causes fas-
ter germination.
Rootlet, shootlet and seedling length and 
ra tio of rootlet length by shootlet length: As 











































































































Fig. 1 Effect of pre-treatments on mean emergence percentage in  
four species of Anthemis under greenhouse conditions (Duncan, P < 0.05)
Fig. 2 Effect of pre-treatments on mean emergence speed in four 
species of Anthemis under greenhouse conditions (Duncan, P < 0.05)
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Table 2 shows, the rootlet length of Anthemis 
tinctoria species (72.46 mm) was higher and it 
was lower (42.23 mm) for the species Anthemis 
haussknechtii. This also showed the highest 
rootlet length (92.8 mm) was after seeds primed 
with 1 % potassium nitrate (KNO3) in Anthemis 
tinctoria species than other pre-treatments but 
highest decrease in rootlet length (16.4 mm) was 
for seeds primed with distilled water (as control) 
of Anthemis haussknechtii species (fig. 3). Based 
on current research results, Kaya et al. (2006) 
showed that seed priming in sunflower enhanced 
rootlet length at both osmotic and salinity stress. 
The highest rootlet length was obtained for 
osmopriming with 1.5 % potassium nitrate in rice 
seeds (Esmaeili and Heidarzade, 2012).
Comparison of mean showed that the highest 
shootlet length (15.98 mm) was achieved for 
Anthemis pseudocotula species when it was 
decreased (11.68 mm) for the species Anthemis 
tinctoria (Tab. 2). The highest shootlet length (20 
mm) found for seeds primed with 0.5 % potassium 
nitrate (KNO3) of Anthemis haussknechtii species 
compared with other pre-treatments while the 











































































































Fig. 3 Effect of pre-treatments on mean rootlet length  in four species of 
Anthemis under greenhouse conditions (Duncan, P < 0.05)
Fig. 4 Effect of pre-treatments on mean shootlet length  in four species of 
Anthemis under greenhouse conditions (Duncan, P < 0.05)
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minimum shootlet length (6.6 mm) was for 
pre-treatment with distilled water (as control) 
of Anthemis haussknechtii species (fig. 4). The 
shootlet length was increased to 27.71 mm for 
F. arundinacea when seeds primed with 2.2 MPa potassium nitrate (Dianati Tilaki et al., 2010).
The results of mean comparison are shown in 
Table 2. The seedling length of Anthemis tinctoria 
was increased (84.07 mm) than the three other 
species while it was lower (55.1 mm) for the species Anthemis haussknechtii. Pre-treated seeds 
with 1 % potassium nitrate (KNO3) showed the 
highest seedling length (106.9 mm) for the species 
Anthemis tinctoria than other pre-treatments but 
it was minimum (24.9 mm) for distilled water (as 
control) pre-treatment in Anthemis haussknechtii 
species (fig. 5). On the other hand, the increased 
seedling length might cause increasing the vigor 
index in this species. Our results showed that the 
main effect of seed priming with 1 % potassium 
nitrate on the seedling length was positive. The 
highest seedling lengths were observed in seeds 
osmoprimed with 10 % PEG
6000
 solution (Yari et 
al., 2010). Our results are in line with the works 
done by Dissanayake et al. (2008). They reported 











































































































Fig. 5 Effect of pre-treatments on mean seedling length  in four species of 
Anthemis  under greenhouse conditions (Duncan, P < 0.05)
Fig. 6 Effect of pre-treatments on mean ratio of rootlet length by shootlet length in four species of Anthemis 
under greenhouse conditions (Duncan, P < 0.05)
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that priming treatment increased the seedling 
length compared with seeds nonprimed.
Comparison of mean ratio of rootlet length by 
shootlet length of between four species showed 
that species of Anthemis altissima and Anthemis 
tinctoria exhibited a higher ratio of rootlet length 
by shootlet length (5.99 and 5.83, respectively) and Anthemis haussknechtii species was at a lower 
ratio of rootlet length by shootlet length (2.81) 
(Tab. 2). Also, the maximum ratio of rootlet length 
by shootlet length (8.24) was also related to pre-
treated seeds with pre-chilling at 4 °C for Anthemis 
altissima species than other pre-treatments while 
the minmum ratio of rootlet length by shootlet 
length (1.42) was with distilled water (as control) pre-treatment in Anthemis haussknechtii species 
(fig. 6). On the other hand, the highest ratio of 
rootlet length by shootlet length for potassium 
nitrate pre-treatment with concentration of 1 
% (8.64) was achieved in rice seeds (Zarei and 
Sinaki, 2012). Shafie (2011) showed that chilling treatment increases the ratio of rootlet length by 
shootlet length in some populations of Satureja species. 
Vigor index: Based on the results, the highest 
vigor index of 72.6 was achieved for Anthemis 
altissima species when the lowest vigor index of 
15.88 was observed for Anthemis haussknechtii 
species (Tab. 2). Higher amount of vigor index 
(83.29) was recorded from osmoprimed seeds for 
24 hour with 250 ppm gibberellic acid (GA3) pre-
treatment in species of Anthemis altissima than other pre-treatments while lower amount of this 
parameter (2.5) was recorded from hydropriming 
by distilled water (as control) pre-treatment of 
Anthemis haussknechtii species (fig. 7). In the pre-
sent study, seed priming improved seedling vigor and effect of gibberellic acid of 250 ppm on vigor 
index was similar with result of Rahmanpour 
and Majd (1999) because they reported that 
use of gibberellic acid was effective in increase 
of rootlet and shootlet length (seedling length) 
and vigor index. The highest vigor index (22.12) 
was observed with 1000 ppm gibberellic acid 
treatment and pre-chilling for 40 days for Ferula 
gummosa (Rahnama-Ghahfarokhi and Tavakkol-
Afshari, 2007). 
Dry weight of seedling: According to the 
results shown in Table 2, the highest seedling dry 
weight of 205.92 mg was revealed for Anthemis 
altissima species. Whereas the lowest seedling 
dry weight of 35.6 mg was recorded for Anthemis 
haussknechtii species. The maximum seedling dry 
weight (358.1 mg) was observed from seeds primed 
with 1 % potassium nitrate (KNO3) for Anthemis 
altissima species than other pre-treat ments 
whereas the minimum seedling dry weight (13.8 
mg) was observed from distilled water (as control) 
pre-treatment for Anthemis haussknechtii species 
(fig. 8). Increasing dry weight of seedling might be 
due to synchronized germination and improved 
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Fig. 7 Effect of pre-treatments on mean vigor index  in four species of 
Anthemis under greenhouse conditions (Duncan, P < 0.05)
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also the increasing shootlet and rootlet lengths by 
osmopriming may be due to nuclear replication 
in rootlet and shootlet. The highest dry weight of 
seedling of 25 mg was achieved when the seeds were 
treated with 100 ppm gibberellic acid treatment 
and 1000 ppm potassium nitrate (Khaninejad et al, 
2012). Research of Afkari (2010) indicated positive 
effects of seed priming on seedlings dry weight. 
Farooq et al. (2007) reported that osmopriming 
with 1 % KNO3 increased the seedling dry weight in 
seeds of Cucumis melo L.
Leaf area of seedling: Mean comparisons of 
single effects indicated that the highest and lowest 
leaf areas of seedlings were obtained for species of 
Anthemis altissima and Anthemis haussknechtii as 2.2 cm2 and 0.36 cm2, respectively (Tab. 2). Higher 
leaf areas of seedlings (3.32 cm2) were found from 
osmoprimed seeds with 125 ppm gibberellic acid 
(GA3) for Anthemis pseudocotula species compare 
with other pre-treatments while lower amount 
of this parameter was found from 250 ppm 
gibberellic acid (0.19 cm2), pre-chilling (0.2 cm2) and distilled water (as control) (0.21 cm2) pre-
treatments for Anthemis haussknechtii species (fig. 
9). The increase leaf area might have had a longer 
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Fig. 8 Effect of pre-treatments on mean dry weight of seedling  in four 
species of Anthemis under greenhouse conditions (Duncan, P < 0.05)
Fig. 9 Effect of pre-treatments on mean leaf area of seedling  in four species
 of Anthemis under greenhouse conditions (Duncan, P < 0.05)
Bulletin UASVM Horticulture 71(1) / 2014
emergence by priming technique. Alvarado et al. 
(1987) reported higher dry weight of seedling and 
leaf area of seedlings from primed seeds of tomato 
(Lycopersicon esculentum Mill.). Mohammadi 
(2009) showed that osmopriming with potassium 
nitrate in comparison with control had a positive 
effect on leaf area of seedling. In addition, leaf 
area increased by gibberellic acid pre-treatment 
of Vigna unguiculata seedlings (AI-Rumaih et al., 
2001).
CONCLUSION
The highest improvement compared to control 
of seed germination and emergence was achieved 
by priming with 1 % potassium nitrate and 125 
and 250 ppm gibberellic acid parallel. Our results 
indicate that seed emergence characteristics two species A. altissima and A. tinctoria were higher 
than for the other two species A. haussknechtii and A. pseudocotula. On  the  base of results seed 
emergence characteristics  were  increased  for 
traits including: emergence percentage with KNO3 
(0.5 %) and GA3 (125 and 250 ppm), emergence 
speed with GA3 (125 ppm), ratio of rootlet length 
by shootlet length with pre-chilling (4 °C), vigor 
index with GA3 (250 ppm) and seedling dry weight 
with KNO3 (1 %) is the species of A. altissima. In 
addition, priming with potassium nitrate (1 %) 
is the best effect in increase rootlet length and 
seedling length for A. tinctoria species. Totally, the 
results described here revealed that osmopriming 
(such as potassium nitrate and gibberellic acid) technique can be suitable to improve seed 
germination and emergence characteristics of the species A. altissima and A. tinctoria. In conclusion, 
priming as physiological treatment to enhance 
seed emergence characteristics and seedling vigor 
species of Anthemis in greenhouse conditions can be recommended.
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